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A key element of tbc Mars Pathfinder tbcrmal  control systcm is the 1 lest Rejection
Systcm(]  IRS). ‘J’hc I IRS of Mars Pathfinder is designed to actively control tbc tcmpcraturcs of
the various parts of the spacccrafl,  Tbc systcm is designed to keep the Iandcr and cruise stage
clcctmnics  between -30 to +40 C during the entire seven month cruise from liartb  to Mars, l’his
is achicvcd by mechanically circulating single-phase l;rcon 11 liquid  thrcmgh the lander and
cruise c]ectronics  box heat exchangers and transferring heat to an cxtcmal radiator cm tbc cruise
stage. ‘1’his is the first time in spacecraft history that a mccbanieally pmnpcd cooling loop has
been used on a long cluratiol]  spacecraft mission.

l’hc  111{S which consists of the 1 ntcgrated l’ump Asscmbly(]  I’A), radiators, electronics
box heat exchangers, filter, and associated tubing was designed, fabricated, installed and tested
cm tbc Pathfinder spacecraft during the June 1994 to June 1996 period. Pathfinder will be
launched in I]cccmbcr  1996 for a Martian landing in July 1997. ‘1’bc 111{S  will bc operating
continuously throughout the ent irc seven months of cruise to Mars, ‘1’hc 1 PA, which is the heart
of the 111{S,  circulates and controls the working fluid  in the }lRS daring this craisc in order to
transfer excess heat from the various spacecraft parts to the radiator.

“]’hc important ]’athfinclcr  rcquircmcnts fbr the 1 IRS were: 1 ) heat transfer rate of 90 to
180 Watts, 2) a total mass of Icss than 18 kg (including 8 kg for I PA), 3) maximum power
comumption  of 10 Watts, 4) two years of continuous operation, and 5) redundancy for the active
components of the lPA. The other } 11<S requirements were concerned the IJrcon  operating
pressures, flow rates, pressure drops, radiator bypass flow rates, and the leakage rates.

‘1’hc major clcmcnts of tbc 1 PA arc: two centrifugal pumps, an accumulator, two tbcrmal
control  valves, four cbcck valves, and the motor control electronics. Only one punlp/thermal
control valve is nccdcd to circulate the lircon  11, the working fluid, in the system. ‘lhc otbcr set
of pump/tllcrmal  control valve acts as a backup. “1’bc pump is rated to produce 6 psid at a rated
flow of 0.2 gpm of l;rcon 11 in the -30 to + 30 C range. ‘1’hc motor control electronics arc
designed to operate the pump motor at the rated performance over an input power of 27 to 36
Vdc. ‘1’hc  maximum operating pressure ofthc systcm is 95 psia. ‘1’hc accumulator keeps tbc
opcrat  ing pressure 30 psig above the saturation pressure of Freon at the operating temperature.

‘Ihc first lPA unit  was fabricated and flight qualified in l’cbrmary 1996. lt was installed
on the spacecraft in March 1996 and tbc who]c 111{S  went through spacecraft acoustic and
systcm thermal vacuum tests. ‘1’hc performance of the I IRS, specifically the If)A, was carefully



mcmitorccl  during  lhc mtirc  spacccrafi ground operations. ‘1’hc thermal, clcclrical, and hydraulic
pcrformancm  of the 111{S have more than satisfied the l’atbfihr  rcquircmcnts. ‘1’hc 1 IRS
performance will be ccmtiaucd  to be monihrcd  daring the remainder of tbc grouncl  operations
and also ciuring the catire fligbl operations.

h~any lessons bavc been learned during tbc testing am{ groanci awl flight operation of the
111{S. Several modifications arc being made to tlm opcralicm  ofthc 11}{S based cm these lessons.
Since it is the first time such a mccbanically  pumped cooling  loop is flown for deep space
missions, there is a lot of inlcrcsl  ia its performance and reliability. ‘1’hc only other space
application oftbc  mccbanically pumpccl  loops has been for the Space Shuttle  where they were
used for shorl cluratioa  (Icss  than one month at a time) flights.

‘1’hc  paper will present tbc performance of tbc mechanically pumped cooling  loop c{uring
the grmmd and flight operations. llascd on the lessons ]carncd  from this cxpcricncc,
rcc(>l]ll~]ct](iatiol]s  on the design and operation oftbc pumped cooling loops  for future space
missions will  be made.


